A., AND (6, 14, 17, 22, 24, 27) . Little is known about the mechanism by which thrombocytes form hemostatic plugs. Most in vitro studies have been carried out with thrombocyte-rich plasma (TRP) prepared from anticoagulated whole blood. Until recently, thrombin was thought to be the only agent causing thrombocyte aggregation (2, 3, 12, 13, 24) . It now appears that serotonin and connective tissue prepared from duck tendon can aggregate duck thrombocytes (4). Although Rowsell (16) reported ADP-induced thrombocyte aggregation, this finding was not confirmed by others (Z-4, 18, 24) . Centrifugation can alter platelet shape (26) and platelet retention in glass-bead columns (7) and is also time consuming. We therefore decided to study the effect of various stimuli, including ADP, on the thrombocytes in avian whole blood with and without the addition of EDTA. Each tube of anticoagulated blood was mixed by rapidly rolling it back and forth 15 times between the palms of the hands. The tubes were left at room temperature throughout the experiment. Several drops of the first and last blood to pass from the vein through the tubing were collected directly in polypropylene tubes containing citrateFormalin fixative (28). These samples were later examined to determine the number and condition of thrombocytes at the beginning and end of the collection. Clotting times were determined on native or recnlcified, EDTA-treated whole blood in polypropylene tubes at room temperature.
EDTA-treated blood, 0.1 ml, was added bv siliconized pipette to each of a series of polypropylene tubes containing 10 ~1 of the reagents. All determinations were done in triplicate. The samples were usually shaken horizontally for 2 min at room temperature, then immediately mixed with at least 1 ml of Formalin fixative. Enough additional fixative was then added to dilute the blood 1: 25, and the fixed samples were stored at room temperature.
Values given in the text represent final concentrations.
ADP disodium, AMP, and adenosine (Sigma Chemical Co., St. Louis, MO.) were all diluted in isotonic saline. Heparin (Panheprin, Abbott Laboratories, North Chicago, Ill.) was added to either native or EDTA-treated whole blood. The number and condition of thrombocytes were ascertained as follows: The sedimented fixed whole blood samples were remixed; 0.1 ml of each was removed and added to 0.4 to 0.6 ml of fixative. The suspensions were placed in counting chambers. The number of thrombocytes and spherical cells (see below) were counted in 1 mm2 on each side of the chamber with a phase-contrast microscope and the results expressed as the number per microliter of blood. We also noted the appearance of the cells and the presence of aggre- were not seen in EDTA-treated blood kept at 41 C for 10 min.
Large and small spherical cells without visible nuclei were also seen in Formalin-fixed samples. They could be easily differentiated from typical thrombocytes by their shape and apparent lack of nucleus. Since no anuclear cells were seen in Wright's-stained smears, the nucleus was presumably present but obscured by cytoplasm.
Large spherical cells, almost the size of erythrocytes and with a textured surface, were probably granular leukocytes (Fig. IO) ; they were notably larger than thrombocytes.
The small spherical cells had a dense margin and a translucent center; one is shown in Fig. 1E .
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EDTA-treated blood shaken for 2 min at room temperature contained an average of 30,000 typical thrombocytes and 16,000 small spherical cells per microliter (Table 1 ). The latter probably represent lymphocytes. These values agree well with those reported (14). When 10 pM ADP was added and the blood shaken, the number of typical thrombocytes decreased, and correspondingly more small spherical cells were noted (Table 1) . Similar treatment with 5 PM AMP had no such effect. ADP-induced conversion of typical thrombocytes into small spherical cells was inhibited by incubating the blood for 5 min with 500 PM adenosine prior to treatment with ADP (Table 2 ). The shape of typical thrombocytes was unaffected by placing EDTA-treated blood at 4 C for 10 min.
Occasionally, simple shaking of control, EDTA-treated blood for 2 min at room temperature converted typical thrombocytes into small spherical cells. This change was inhibited in blood incubated with 500 pM adenosine for 5 min prior to shaking (Table 3 ).
Shaking 0.1 ml of blood for 2 min at room temperature increased blood pH from 7.4 to 7.6. We therefore performed a series of experiments in which the blood samples were shaken in sealed test tubes filled with 5% CO2 . ADP and occasionally simple shaking induced the usual change in typical thrombocyte shape even without an increase in blood PH.
Thrombocyte aggregation was not observed when EDTAtreated blood was shaken for 2 min with IO-50 fiM ADP but occurred when more than 5 mM CaClz was added instead. Aggregates consisted of 5-50 cells, some of which were difficult to identify. Many were small and large spherical cells. Such a clump is seen in Fig. 1F . After CaClz addition, EDTA-treated blood contained a total of 16,000 f 11,000 to a total of 50,000 & 11,000 typical thrombocytes and small spherical cells per microliter in samples shaken without CaC12 (n = 12; P < 0.01). Such recalcified blood samples clotted in 22 & 10 min. Calcium-induced aggregation was not inhibited by pretreating the blood with 500 P.M. adenosine or even with 10 units of heparin per milliliter, which completely inhibited clotting. Aggregation also occurred in recalcified blood shaken under CO2 with no change in blood pH. An attempt was made to ascertain whether ADP induced aggregation of avian thrombocytes in vitro. The results of adding ADP (10 PM) to EDTAtreated blood containing either saline or 5 mM CaClz are shown in Table 4 . There was no statistically significant difference in the total number of typical thrombocytes and small spherical cells between samples containing both ADP and CaClz and those containing only CaC12 . The inability of ADP to cause or potentiate aggregation was not due to its rapid disappearance since when 1 PM ADP was added to native plasma, 80% remained after 2 min at room temperature. It should be noted that while 5 mM CaClz causes some aggregation, a more marked degree is caused by higher calcium concentrations. 
DISCUSSION
The mechanism by which shaking causes thrombocyte aggregation in recalcified or native avian whole blood is not understood.
Thrombin does not appear to be responsible since aggregation occurred much. more rapidly than coagulation and was not inhibited by heparin. The fact that thrombocytes circulate unclumped in vivo although blood contains ionized calcium suggests that the trauma of blood collection makes these cells react to shaking or that in vitro shaking does not resemble any activity naturally encountered by the cells while passing through uninjured blood vessels. No evidence of trauma to the cells was noted after careful blood collection; the majority of thrombocytes retained their typical form and there was no aggregation.
Neither the surface of the tubes used in these experiments nor the change in pH that was noted appears to be important.
In some respects thrombocyte aggregation resembles the platelet aggregation caused by adding divalent cations such as calcium or magnesium to titrated or EDTA-treated platelet-rich plasma or washed platelets (5, 8, 9, 15, 19, 20 
